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l.O INTRODUCTION 

Sanitation requirements in space do not present :iny unusu:il problems and are in 
many respects much the same as thos<’ on Kartli. Previous s:initatiun methods, 
:iithoU((h ade<tuate, have bet‘n somewhat cumiiersonKt :md not :iiwo>'S completely 
satisfactory. In the Shuttle* era, with a high fn-quemey of nights, it is highly 
desirable to have efficient sanitation agents which are simple to use. These 
agimts should lx* formulated for s|x‘cifie tasks such as pe*rson:il hsftiene, system 
equipment, :ind fur the speci:il iv((uirements of life science payloads. The iigents 
must have no adverse impacts on the rest of the 3pan ship i)ut should enhance 
mlsslcxi effectiveness provldinK a clean ;uid healthy environment. 

In 1972, Fairchild Republic Co. completed a study under Contract NAS9-12205 on 
Spac(*cr:iJt Sanitation ARcnt Dovclojiment for space station use. This effort defined 
sanitation requirements for personal hygiene ;und crew sysU'ms, :ind selected 
sanitation aKcnts ;md teehnl<iues for their use. The final report, document number 
MS142Y0001, included a recommendation lor further develo|)mcnt effort in the de- 
si^n iuid fabrication of pressure-packed formulations. This current study was 
undert;iken to implement this recommendation lor use on the Shuttle. The program 
was to define spacecraft sanitation re<|uirements for Shuttle payloads ;md to select 
sanitation agents on the basis of a trade-off study of missions versus ret|uircments. 
Prototype products were to be devcloi>ed ;uid tested, including concept verification 
at Zero-gravity. 
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2.0 Sl'MMAHY 

I'hiN prti({ram wna initiate<l to ilevelo|H* prototype Hanitation a>;enta and dispenser 
for use on the Shuttle Orbiter. Following the recommendation of a previous study, 
the sanitation apeni was to be dls|»enseii as a foam fro»^n pressure packed containers. 
Foams are easily applied and spread over the surfa* e to be cleaned with a minimum 
of water. The foam entrains the soli and can be readily removtnl with wipes. In 
addition it is expected that cleansInK (*an be accomplished without loss of material 
to the cabin environment. 

For the Shuttle Orbiter, the follow•|n^; ri'qulrements were identifi(<d: a personal 

hyKiene aficnl, a K^’neral system maintenance ai,'t*nt; and u sanitation a«ent for 
life science jiayloails. 

The sanitation anent container, which was seUn tetl In a trade-off study, employs 
two chambers, a ri^ld outer container ami an Inner flexible bladder. The bladder 
contains the sanitation aj^ent formulation and Its release is controllwl by a manually 
operatixl valve. The outer container holds a hlnh pressure va|)or. There is no 
void In the bladder which makes the package opiTatlon Independent of orientation 
and therefore usable in zero Rravlty. Foam is developed by a low boilinK |K)lnt 
flulil or dissolved gas in the product. UTien the presiuct is dispense*! at atmospheric 
pressure, the evolved ^as or vapor whips up a foam In the valve. The sanitation 
agents were initially formulated with freons which produces an excellent foam. 
However freon Is unc*>mpatible with the life support system and was replaced with 
carbon dioxide dissolved at high pressure. Th<‘ COg system may limit high temper- 
ature exposure to prevent leakage or package distortion. 

The sanitation agents have been shown to be effective in cleaning soils from 
personnel ami material. The use of the agents result in a significant rcnluction of 
microbial contamination. No problems were encountered with valve clogging with 
repeatcxl usage ;uwl there is very little over-run. To verify the I'nckage concept, 
the prtMiucts were flight tested In null gravity in a KC-135 aircraft. The products 
functioned as expected. 
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:i.<i S l A TliMKN r or wnUK 

't he woii\ Htili'mrnl lor H.iniliiUon im‘lud< H th«* followinu litxkH: 

;i. 1 I'UliDKVKLOPMKNr HKViKW 

h'HC shiill di'finc Hpacecnift sanitation rt>quireim>nts bnsi>d on current Shuttle 
Orbltor, Shuttle Payload.s, ;md future lonn ran^e manned space projects. For 
purposes of cstablishinK requirements, FU(' sh;dl consider supporting up to a IHO 
day mission on a spacecraft containing seven petple (males :ind females). In 
addition, FIU' shall include consideration of sanitation requiremtmts associated 
with laboratoiT work (.'inimals, microbiolu(^' , etc,), Kx|>eriencc with pit'Vious 
sp.acecraft s:miLition equipment and characteristics of saniLition equipment from 
previous research and develo|)ment efforts sh:ill U* reviewed, 

2 SKLKC'TION OF SANITATION ACIKNTS 

FUC's previous effort resulted in the selection of two saniUition a^ent formulations: 
f>ne for p<*rsonal hvKiene use and the other for equipment maintenance, Subse<{uenl 
exijcriencc and/or requirements may dictate the need for additional formulations. 
The predevelojiment review should serve to identify whether or not additional agent 
formulations ;ire required, FIlC sluill perform trade-off aniilvscs ;is required to 
select the sanit:ition ;igents of choice for the Siuiitition requirements defined in the 
predevelopment review. The trade-off criteria shall include considerations of 
disinfecting power, s;ifet\- ;uid toxicity, pr«xlucl stability, pei'formimce, reliability, 
size, weight and cost, Hcsults of the trade-ofi study shiill lie summarized along 
with recommendations and shall In* submitted to the technical monitor for review 
and .'ipproval, 

:i,:$ DIA'KLOPMKNT OF PKOTOTYPF PHODl t'TS 

FIU' sh:ill develop appropriate configurations of pressure packaged dispensers for 
the siinltation agents selected in the trade-off study. For each agent formulation, 
thc-re will be a two-step process: 

1) a brief definition of the product reiiuirements; and 

2) a development of formulation and package. 

The formulations to be used shall be compatible with the Shuttle environmental 
control system. The use of freon in the formulations is not acceptable because tlu* 
freon tends to overload the Shuttle environmenLil control s>stcm. The use of carbon 
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dioxidi' UH a pn'nsurint in conHidt-rcd acffplablc an lontf an the totil dally amount 
ex{M'nik<d doi‘« not cxi’fod 20 j;m. 

It Is antirlpated that the process of prototype d<‘velo|)ment is In reality a process of 
scUctinK ihi' appro|)riute propellant, valve, conuiner, and formulation. KK(' shall 
conduit feasibility lestu to ev.iluittc various packa|{ini{ combinations. From the 
n'SultH of the tests, optimum packattinK combinations shall be identified, in addi- 
tion to the packikitinK/dispenser developnK*nt, FK(' shrill select rebated nuitcrlal to 
Is* used with the dispensing a^ent (tissues, wipi'S, cloth, etc. ). 

.1.4 FKASIBll.rn’ TKSTS 

Fite shall conduct feaslbllit\' tests with the selected combinations to: 

1) determine stability of the .iKcnt; 

2) cviiiuiite functiomil perform.ince ; 

3) determine ease of aitent n?mov;d; ;md 

4) identify problems dm* to residttil buiUiu(). 

3.5 ZI;H(M} KVALFATION t)F PUFSSrUK PAt'KAGFI) SASMTATION AGKNTS 

FltC sh;ill conduct rero-n evaluation tests on the selected prototype? af{ent pressure 
pack;ige dispensers. The purpose of the Si.*ro-n tests will be to verify th:it the 
hardware will perform as predicted in a null gravity environment. Functional 
pi*rform;mce, ease of agent removal, ;ind residu:il buildup problems will be inves- 
tigated in the zero-g tests. 


4 



F^AIFfCHUL-D 

• •t • . « * < 

KIU77H4001 
.'10 Drc'cmU'r 1077 


1.0 m SHLl.S AM) l)LS( I'SSION 

l*has«‘ I o( thin Htud>’ rumpriHrs T:i!tk 3, I, 2, .ind A dfUllcd report of them* 

taokn waft released In :<0 SopU-mber 1070 as d<K uinent KI)177iUOUO, "Interim 
Ueport, Spiieecr.ifl l)lslnfuetant/(‘le;inNinK Aneiit Development." The results of 
Tusk 3.1 and 3.2 will onlv bi- sumtnariziHl in this rtport. Task 3.3, Duvelopment 
of Prototype Products h;is been redone inasmuch as the oriKimil product formula- 
tions included freons uhich have since Ixjen dcHermined to be* incompatible with thi* 
o|H‘r.itiun of the life su|iport system. 

4.1 PKKDKVKLOPMFNT KKVIKW, TASK 3.1 

The applie.'ition of spacecraft disinfeetaiit/cle;uisinK agents was defined for two 
broad categories of d(*velopment : 

a) Sanitation ;ind Personal Hygiene, :md 

b) MainU-nanee 

The general w«*d for crew hvgiene determines the type of clc.'insing agent rmiuircd 
and is basically unrelab-d to mission type or length with the obvious cxci>ption of 
quintity and to a lesser degree, p.ack.-iging. It is in the art*a of maintenance th.at 
more complex re<|uirements imp.’iet the agent formulations, in that various payload 
types dictate a spectrum of possible alternate needs. 

4.1.1 Personal Hygiene 

The (H-rsomil hvgiene r(H|uircments are based upon a lx>d>' cleaning prcXocol utilizing 
wet and dr>’ wipes, and a personiil hygiem* station, (PHS), providing a hand washer 
and wet sponges or washcloth.s. 

4.1.1. 1 Whole Body. .Minimum Frequency: Twice Weekly, todiiily. The s imita- 
tion requirement is for a detergent that would remove surface sebum, desquamated 
keratin, scales of epidermis, excess bacteria, and foreign solids and liquids (soil, 
grease imd oil, food, etc. ). In Shuttle, th<‘ procedure will be .iccomplishL'd with a 
wet wip<‘ (washcloth) moistened with a suitable agent, followed b>' dry wipes. 

4. 1.1. 2 Hands (and face as ristuired). Minimum Frequency: Approximately 10 
times dilily following use of the WasU* Collector System (WCS), work :md mainte- 
nance iictivity, and bt'fore and after meals. For normal use, the same cleanser 
as used for the whole lx>d\’ washing is satisfactory. 
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l-Mr iniixiiniim , il HhiHild Im- iltmllv to lh«* b.miln, worked In, and 

removi-d with a dry wI|M'. ( ititionally , the uKcnt may lx* uned with wuUt ut the IMIS. 

1.1.2 H\ itk-ni Mainh-nanee 

1. 1. 2. 1 Waxle roUector Svxtem 

u. rec:il SvMtem 

The fee:ii collector ullllEes air (low to entrain (ecca which arc direc- 
ted into motor-driven rotating blades. The feces are thrown onto 
the collector walls creating a larKc exposed area for subso(|Uent 
vacuum processing. The entrainment air is filtered to rerorvi- nil 
particles lncludlr4g bacteria, and odors, itegular muintemmee 
requires the wiping of rhe seat to pn^vent accumulation of hum.-m 
bacteria, hair and epithelium in normal usage, and possible diarrhe- 
tic feces or urine. 

Irregular maintenance could be* required for the replacemimt of odor 
control filters during extended missions. This would require on 
agent to siuiitizc the c:uiister .uid related hindling items during the 
change. 

in ihi* event of system failure, the bitck-up s>stL‘m used, would be the 
A|K>11o pash*-or. txigs. Without air flow to .separate and entrain the 
fecal bolus, the possibility of pcrsomil fecal contamination is greatly 
increased. Odors ;ilso present an additional problem. 

b. Vomitus System 

A portable disposal collector in the form of a flexible plastic bag and 
closure device is used. The Ixig is tuind held over the face enclosing 
the mouth :u)d nose. It is sealed :ifter use ;utd discarded In the fecal 
collector or vented tr:ush storage. SaniUition may retjuire an area 
rinse-down in the* event of pour aim. Personal cle;ui-up is effected 
at the PUS. 

c. Trine System 

The urine is collected by air entrainment in n urinal suitable for male 
and female use. For female collection, intimate contact is retjuired 
to avoid spilling. A biocide is used to stabilize urine in the storage 
tanks. TIk* siUiitation requirements for the urinal are similar to 
those of ttx* fiK'al collector. The possibility of urine spillage is some- 
wlvit greater than for feces. 

On long missions, maintenance of the urine/air separ.ator may be 
re<{uircd if the filter liecomes obstructed. 

•4. 1. 2. 2 Food Prepar.’ition SysU‘m 

a. ('i;dlcy 

The* galle> or food preparation area is used to rchydrate ;uid warm the 
food. As :dl of the fot^ is processed in closed conbiiners, norm.al 
sanitation is restricted to the interfaces between the equipment and 
the food packages. This nomimdly in a needle which injects a 
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m«‘.'iMun'd .'ttnounl of wniur Into iIk* puckiiKen. IU*Kular malnU*n:uic'<.‘ 
in only the cii'anninK .uul dtHinfcrUuK uf iho nt'cdlcs. The hot air oven 
UH4*d to warm f<Hxl i-ontaliK*rN would not m*ed ret(uSar malnteranc'c. 

Sfx'flal malntenanee would lx- n'<|ulred in the event of syRtem failure. 
KimkI cont;iiner rupture due to Impniper h.indlintt or faulty fabrication 
Is the most pn>b;ible f;uluix‘. This could result In conLimlnation of 
the K.ailev components with fo<Ml. 

b. F(K)d Service 

The food is siTVcxi in the containers In which It was rehydrated :md 
heated, placed In reusable compartmenbillzed trjty s. These trays 
also have holders for utensils, tondlments, ami wipes. Following 
eating, the food containers are ix’turned to bags for storage in the 
l(x*kers, th«‘ waste paper and condiments are disposed into trash 
storage, :uid the trays and utensils are wi|H<d imd returned to storage. 
The sanitation recjulrement Is to ivmove spilled food from the tray 
and adhered food from tin* uUmsils, and destroy :my contaminating 
microbes. The sanitation :igent should Usive the trays and uUmslls 
aesth4*tlc:illy pleasing, I.e. cle:in, shining, "sweet smelling," and 
tasteless. 

4.1.2. ;t Sleep Area. Tlu' aieep area normally generates little netaJ for s.anitation. 
However, ik‘|M-nding uj)on Ihe integrity of tlie other cabin systems and efficiency of 
nousc'keeplng elsewhen' ;uid personal hygiene, ine walls of th»* sleep area could 
fx'come contaminaU'd with organic maU-rlal of hum;m :ind food origin. In time, this 
would support microbial growth with associaU'd rjdors. in the event of respiratory 
disease, or vomiting or diarrlwa in a bunk, the jirea would need disinfecting. 

The need for aesthetically pU-asing odors In space vehicles has been stresstKl by 
flight crews. It is important tlut regular sanitation procedures in the rclax;ition 
aiva leave the area ap|H-aring ch-jin ;uid "sweet smelling." 

4. 1. 2. 4 Cabin Work Areas. The cabin work areas are subject to the same contam- 
ination as the sleep an»a. The need for siinitation is likewise dependent malnlv upon 
housekeeping elsewhen* and personal hvgi?ne. 

Shuttle Payloads 

Of all lh«.' potential payloads consideivd in 1U)177K4000 only life science payloads 
had requirements for specialized ele:insing agents. 

It is in the an*a of life sciences th;it one c:ui anticipate a wide variety of dedicated 
agents :md pressure pack;iges. Tlu* research areas will include specimen sampling, 
auto|)sy , histology and pn*servation, chemical ;ind physlc.-il analysis, and thi' cle:ui- 
ing, repair, checkout, lubrication and sterilization of test equipment. Specialized 
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resciirih will 1> .icrformeii usInK human aurrouates and cella and Ua«ut«a. i-k|uip> 
men! will be rtM|ulivd tu houae vertebratea, Invertebratea, :md planta and to Incubate 
and itrow cella :md tlaauea. Varloua curr> laborotorlea will be devoted to bio- 
medicine :md bloloi^ to perform hum:m reaearch. 

4.2 8KLKCT10N OK SANITATKIN AOKNTS, TASK 3.2 

Ikiaed upo.t thi' aancasment of Shuttle crew ayateras :uid pi\vl»adH, the potential 
appllc:ttiona of preaaure packaiced sanitation .iip'nta arc pt^rsonal hyitlene, ayaiema 
m.'iinU’nanoe , and life aclenct* pavloada. A trade-off jutalysla waa p<>rformed to 
provldi' recommendations for stdectlon of tht> moat promlalnn aKcnta for the required 
aitnltatlon tasks. The n*port was Issued 7 -tune 1970 as d*M-umenl No. KD177N2004, 
"Trade-Off Amilyals IU>port, Spacecraft Dlalnfectimt/CTeiuialnK .\|{ent Development." 

Klve uKcnta were selected at tiuit time for futher development. These were personiU 
hvKicne uKcnts Pill, :uid P112; system inalnten.ince aitents SMI and 8M2, luid life 
science payload aRent LSP2. Pill is a strong cle^mser for U3e followlnR dirty work 
:u)d contiiined a solvent for removinK Krm^"c. .\t a meetinR at NASA/Houston on 2 
June 1977, this product was drop|K‘d for consideration for Shuttle since heavy sollinR 
would nut normally be encountert'd during a mission. This idso simplifies the logis- 
tics of H.anitation agent supply. At the same time SM2 was dropped because of the 
biinnlng of freon use :U th.it time. S.vl2 had the spi>cial pro|)erty of being :in cxp.'ind- 
ing foam, deslgni'd to get into crevices, ;md Ivird to reach pl.aces. The formulation 
replacing freon with a compressed gas could net duplicate this effect. 

The alternatives to be ev:iluiited Include selection of germicidil agent and packaging 
characteristics Including propell int container, valve, :uk1 actuator. 

4. 2. 1 Germicidal Agents 

The agents selected in the trade-off study are: 

a. PH-2 

llexachloroplune, moderate antlinlcrobi:il effects with detergent 
properties. 

b. SM-l 

S:iponntcd cresols (Lysol), markedly germicidal, fungicidal, .and 
virucid:U; excellent detergent properties. Originally the active 
ingredient in SM-2 which was dropped. 
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c. I.SP-i 

Phi'nolics (Ainphyl). Wld<*Mt r:inKi> u( ;utUmirroblai activity ( 
compiitibic with Hu:ipN (or dctci^cnt action. 

t. it. it Puck:i|(inK 

•1.2.2. 1 Propellant. Pluoroc.'irlKma arc the most desirable materials (or use as 
the propelLmt. They produce :ui excellent (uani :ind mnlnt:Un a constsint pressure in 
thi' container. However after initial formulation with (reons, tix>y were later bunnt'd 
b(H.*ause of Incompatibilitv with the life supp«irt system, ilydrcx-arbons ,*uivc the s;une 
ehiiracteristics os the fluorocarbons, but are a fire hazard, (X th(‘ potential rum* 
pivssed teases c.uididates, carlxMi dioxide was chosen because of its Kn'.ater solubll* 
itv in the product th;ui nltro|{en. I'oamM pruduied with carbon dioxide have a more 
waten consisUmcy :ind do not ex|i.md as much as freon produced fo:uns. There is 
some ch.'inKc Ir. pro|M'rU‘ as thi- product is dispensed. However on acceptable 
product c:in be produced. 

I.f* " 2 t'ontainer. .Since these products will Ik* used in .sp.ace, aerosol systems 
the product freely in the container c;innot be used, since one cannot ensure 
that the product is :Uways in contact with the dl(i tube or tht* dispenslnK valve of the 
system. Therefore, those containers with a beilt-ln bLidder or piston will be used. 
The .Sc>pro type containt'r is commerciallv avail. ible from the t'nntimmt.al C;ui Com- 
pany , ;ind consists of a riKld plastic Ixik fitted into a st:uidard three-piece tin plate 
cont.-Uner. Additionally, since the internal bat; is made of a rigid plastic, there is 
no danger of the outer pressure causing a "pinching" of the b;ig t'csulting in an 
inoper.atlve container. 

■I. 2. 2. .3 Valves. A continu(xis spr.ay valve was selected since it was determined 
that then.' was no need for a meten*d valve, .\utomatlc metering of the product is 
unnecessarv since the user would automatlciUly n*lease the v:ilve activator when a 
sufficient amount of product was dispensed. Since the area to be covered would vary 
depending upon the use, a metered valve could prove to be a disadvantage. Prelim- 
inary studies wen* carried out in order to determine the profx'r valve dimensions for 
c.ich product so as to obt;iin a suitable delivery rate. 

4. 2. 2.4 Actuator. A variety of nozzles an- av.iilable so as to optimize the dispen- 
sing characteristics. For example, wide eom^s an* aviUlable for products to be 
applied to the bud\ , long c.’iplliarv tubes an available for hiinl to n>ach places, etc. 
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l.:i m;VKM)l».MKNT Of PKOTOn iM-: PKOIM (TS. TASK 3. 3 

Thin Link w:im initially ai'cumpliHhcd with frronH an the framinK a^cnt and later 
redone with ('O^ baaed formulationa. 

•1.3.1 Selection of ('omptNientH 

4. 3. 1. 1 Germicidal Agents. Thttse agents were selected in the trade-off study 
reported in HI)177N200i .uid Include the following: 

PH 2 - Hexaehlorophene 
SMI - Phenolic (Lysol). 

The* original germicidal agent in SMI was Povidone/Iodine. In preliminary develop- 
ment evalu.ition some of the product permeated the plastic bladder at elevated 
temiH'i atures causing (k'tining of thi> container wall. Iodine is not satisfactory for 
use with commercially available package nuitenals. The phenolic agent in S.V2 was 
used in SMI since without freon the physical characteristics desired with SM2 were 
not obtainable. 

LSP2 - Cresol (Amphyl) 

1. J. 1. 2 Containers. A two cluimber container is used to give gravity -independent 
op«*ration. The prcxluct is contained in a plastic bladder which is gas free. The 
space between the bladder ;md the rigid containi'r w.'ill is pressurised. Figure 1 is 
a cross-section of the "Sepro" type container commercially available from the 
Continental Can Comp;ui\ . The plastic bladder is fitted into the three-piece tin 
plate container and is crimped in place by the v;ilvo assembly. 

4.3. 1.3 Valves. A continuous spray valve was selected :ind sized to obtain a 
suitable delivery rale. The valve assembly is the only component besides the plastic 
bladder in contact with the product. The plaU'd mounting cup used in earlier pack- 
ages interacted with the hexaehlorophene to produce a brownish tint on some pack- 
ages. The current v:ilve assembly uses a stiinless steel mounting cup and spring 
to avoid discoloration. The valve is produced bv the Precision Vjilve Corp. of 
Yonkers, N.Y. The valve stem is 0.016 inch Nylon and the stem gasket is Buna N. 
The dr>' weight of the container :ind valve is less th:m 90 grams. 
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lATELY MIXED WITH 
ICT CONTAINED 
N BAG 


F=-/\IFiCMILCP 

**» *s •*» «• • » ■*». • 

iU)177H4U01 
:iO l)ecemb<‘r 1977 

rherc- an* n vartoly of actuator'' no77.l(*K avnllahU* which affect the al/.e or shape of 
the extruileil foam, ^^ture 2 ahowa three l>n»es all of which can l>e eaally removed 
and Interchanged. The two round no/./lea have Inalde diameters of 1/16 and 1/8 Inch. 
The wide mouth no77le haa a 1 ^4 Inch flat and la 1 ''8 Inch hljth. 

•1.3. 1.4 PresHurant. Freon 12 la used aa a pi'essurant between the container and 
bladder. It la sealed with rubber plu(( and in normal operation 0.10001 l)e released to 
the cabin atmosphere. 

1.3.2 Formulations 

The formulations were finally revised in October 1977 to t:ike into consideration the 

use of CO., as the foaminR aRent. They also reflect changes aa a result of the zero- 

«• 

R flight prograni and the Space lab ground test in May 1977. 

4.3.2. 1 PII-2 - Cleanser, llody and Face 



wt. 

pHIsoHex* 

75.00 

Hexachlorophene 

0.7.5 

Distilled Water 

24.25 


100. 00' 


Directions for Manufacture 

Dissolve the hexachlorophene in the water and add this solution to the |)HIsoIlex. 

Stir ami mix until a homoRene«)us mixture la formed. 

To Pres8uri7.e 

Above concentrate 100'; 

Cartion Dioxide to 
saturate the concentrate 

To Package 

Place about 135 grams of concentrate into a 202 x 509 Sepro container. Crimp a 
Precision Valve in place. Add 16 grams of Propellant 12 to the outer container 
using special Sepro Can filling device and seal the rubber plug Into place. Check 
pressure with a pressure gauge. Pressure should be about 85-90 psig. Pressurize 

♦pHIsoHex contains 3 ^ Hexachlorophene In a soap base. 
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thf inner I)Uk (o iiIkniI r> pni )(n*:iter than al>ove uHinK earixm (l*oxi«lc. Rep>^‘<'R Hcvenil 
UmcH. ('ontinue with niviklnK until c Kuturaled aolutiitn of carlntn dioxide in the con- 
centrate Ik formeti. (Approximately 2.0 to 2.5 Knimn of carbon dioxide will be taken 
up by the prcMhict.) Ik'preaa valve to allow all air to eacaiH* so that the ban is col- 
lapsed and no vapor is present. Since the baR will Ih* completely filled, there will 
Ik* no effective pressure within the baj?. 

4. 3. 2. 2 SM-1 - Cleanser, General Cleaning 



wt. 

Polawax A-31^ 

1.39 

Anhv<lrous Ethanol 

28.76 

Lysol Liquld^^ 

5.00 

Propylene Glvcol I’.S. P. 

3.00 

Doric Acid, N. K. 

0.90 

Distilled Water 

60.95 
100.00 7 


Directions fc** Manufacture: 

Heat the Polawax A-31 and the ethanol to I5*C. Heat until dissolved. Heat Lysol, 
Propylene Glycol, Hone Acid and water to 45*('‘, and when dissolved add the solu- 
tion of Polawax in ethanol to this mixture. Continue stirring until a homogeneous 
mixture is formed. 

To Pressurize 

Above concentrate 100',' 

Carbon Dioxide to 
saturate the concentrate 

To Package 

Place 135 grams of concentrate Into a 202 x 50'.i Sepro container. Crimp a Precision 
Valve in place. Add 16 grams of Pro|M?llant 12 to the outer conudner using special 
Sepro Can filling device and seal the rublx*r plug into place. Check pressure with a 

♦Polawax A-31 if. a self-emulsif\ing, non-ionic w:w. 

♦•Lysol Liquid contains o-phenylphenol (2.80^», o-benzyl-P chlorophenol (2.70^), 
Kthyl Alcohol (1.8(K7>, Xylenolas (l.SO'T), Isopropyl alcohol (0.90^), Tetrasodium 
Ethylene Diamine tetraacetate (0.76ri), Soap (16.50'T), Inert (73.04'J). 
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prosHuri* l*r<*HHurt* nhmilH bo aluxit 85-90 psin* PrcHHurIzo the inner bag to 

about 5 pui jtroator than above uHinn oarb.:n tiioxuio. Uottoal sovoral tImoH. Continue 
Mitli Hhakinc until a Maturati'il Holution of earbott liioxiiie in the eoneentnite in formed. 
(Approximalelv 2.0 to 2.5 KramK of earlmn dioxtrle will U* taken up by the |>r<Mluct. ) 
SInee the baK will be eonipletely filled, there will Ik* no effeetive prennure within 


the bat:. 

4. 3. 2. 3 LSP-2 - Sterilization Agent 

wt. r; 

Amphyl* 5.00 

Stxllum Niuroyl Sarco8inate-95'7 4.00 

SiMlIum I.aury I Sulfate, t'.S, P. O.OO 

Cocoyl Sarcosine 3.00 

Distilled Water 82.00 


100 . 00 ',' 

Directions for Manufacture: 

Add the sodium lauryl sulfate, sodium lauroyl sarcoslnate-95'^ and cocoyl sarcosinc 
to water and stir until dissolved. Add the Amphyl and stir until a smooth homoge- 
neixjs mixture is formed. 

To Pressurize 

Above concentrate 100', 

Carbon Dioxlile to 
saturate the concentrate 

To Package 

F’lace 135 grams of concentrate into a 202 x 509 Sepro container. Crimp a Preci- 
sion Valve in place. Add 16 graois jf Propellant 12 to the outer container using 
special Sepro Can filling device a. d seal the rubber plug into place. Check pressure 
with a pressure gauge. Prc*ssure should be about 80-85 psig. Pressurize the inner 
bag to about 5 psi greater than above using carlion dioxide. Repeat several times. 
Continue with shaking until a saturated solution of carbon dioxide in the concentrate 

*Amphvl contains o-phenviphenol (15T), p-tert-amylphenol (6. 3'?), Ethyl Alcohol 
(4.7':?), Soap (44.0'?), Inert (30.0'??). 
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In formed. (Approxtmntely 2.0 to 2.5 KramK of carbon dioxide will l>e taken up by 
the |)ro<hiel). DepresN valve to allow all air to escape ho tiuit ihe bag in collapsed 
and no vapor in preNcnt. Since Ihe bag will In* completely filUnl, thc*re will b<‘ no 
tdlecllve (ireNHure within the liag. 

t.3.3 Product S|)cclficationH. 

1.3.3. 1 PH2, Ikidy and Face 

u) Delivery' Hate - 2.0 ±0.5 g/sec 

b) pli>5.0±0.2 

c) Dispensing Pressure - 75 ±10 psig at 70*f' 

d) Color - WTittc 

4. 3. 3. 2 SMI, Cleanser, (lencral Cleaning 

a) Delivery Ikite - 2. s ±0, 5 g ''sec 

b) pit - 7.0 ±0.2 (sample diluted with e<|ual weight of water! 

c) Dispensing Pressure - 75 ±P) psig at 70* F 

d) Color - Slightly l*ink 

4. 3. 3. 3 LSP2 - Stertli/ation Agent 

a) Delivery Hate -2.2 ±0.5 g''sec 

b) pH - 5.0 ±0. 2 

c) Dispensing Pressure - 75 ±10 psig at 70*F 

d) Color - Slightly Pink 

4.3.4 Stability Studies. 

4.3.4. 1 Test Plan. The prototype pro<lucts developed were subjected to stability 
studies covering a periotl of one month. The e^’nluation was in accord with Document 
No. HD177T3000 "Test Plan”. 

4.3.4. 1. 1 Number of I’nits. Four units of each product stored at 

1. Ambient room temperature (approximately 21*C or 70*F) 

2. 37 'C or 100-F 

3. 47*C or llO'F 

One unit of each product cycled through 0*F (-17*0 for not less than four hours. 
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4.3.4. 1.2 TImt* Interval. The units were evaluated nccordinK to the followlnK time 
schechile: 

1. One unit - 2 days after ftllinK 

2. One unit - 1 week after filling 

3. One unit - 2 weeks after fillinK 

4. One unit - I weeks after filling 

r». The reeycletl unit (0*F to H. T. ) - 2 weeks after filling 

4.3.4. 1.3 Filled Container Kvuluation. Products shiill stabilire at 72*^2*F (22* 
tl*C) prior to evaluation. Observe anil evaluate for these criteria: 

a) Distortion of ('ontainer — No distortion shall lx* tolerated. If seamed, no 
stretching of seam shall lx* tolerated. 

b) Valve Ojienition — Valve shall operate easily :ind pnxlucts shall be dis- 
pensed with no sputtering. 

c) Leakage — \Uien immerseil In water for 15 minutes, no gas ixibbles shall 
appear. 

(I) Valve Clogging — ITie valve shall not clog after ten repeated operations 
and drying. Mesidue shall nut accumulate around the orifice. 

4.3.4. 1.4 Formulation Kvaluation. For the container and valve combination, 
ol)8crve and evaluate for these criteria. 

a) Dispensing Character — The prixiuct shall be assessed for: 

1. Smoothness 

2. Feel 

3. Foam stability 

4. Viscosity 

5. Surface tension 
t». F«>am wetness 

7. Overrun (ratio of foam volume to weight) 

8. Ksthetics (color, odor, appearance) 

9. Other properties special to the Intended use 

b) pll — The pll shall deviate from the intended pH by not more than 0.2 pH 
units. 

c) The pressure shall not deviate from the intended pressure by more than 
10 psi. When the product has been exhausted to 10 grams, the pressure 
shall not deviate more than 15 psi from the Intended pressure. 




30 IH'Cfm 




(i) Dfllvfry Ratf — The deilvery rate nhall not vary more than 25%. 

4.3.4. 1.5 Kvaluation of Kvacuatul Container. 

After evaeuatlon, cut open eontciner an<i InKpeel for: 

a> Kffect on Internal coatinK. lacquer, plate or metal 

b) Kffect on neam component 

c) Kffect on valve mechaniam (metal components, elastomeric senis, plastic 
comiKinents) 

(i) Kffect on Intermil l>la(l(ler, «llp tulws, etc. ^ 

No visible (leKradntion shall be tolerated. 

4. 3. 4. 2 Results 

The results of exposure o,' the pr«xlucts to the four temperature regimen are dla- 
cusstil bi-low. Some pro|)ertles including <lellvcry rate and pressure vary from the 
product spe<‘ificntiun even at ambient room temperature ex(M>sure. This is due to 
variations inherent with nmnual fabrication of the packa^ces. Conqxjnents, particu- 
larly the freon pressurant are n«»t at thermal »'<|ulllbrlum and cause variations In 
fill. In an automatic process, where larye numbers of packaKes are processed, 
«.H|uilibrium exists ami component <|uantities can Ik* closely controllwl. In addition, 
thi* mechanical operations of sealing tht valve assembly an<i pressure chamber plun 
are more reliable. However It Is not practical to prtxiuce a small number of pack- 
ajjes on automatic machinery, and these variations do not seriously impact the per- 
formance of the paeka^es. 

i. 3.4. 2.1 Packane Com|)om*nt Kvaluation 

There are no significant effects on the packa^^e components by any of the products 
over the period of the test. This Includes lht> internal coating of the con, the seam 
coni()onent, the valve assembly, and the bladder. I he use of stainless steel in the 
valve assembly has eliminatcHl all traces of the discoloration reaction which had been 
encountercHl with PII2 with the standard plated assembly. The replacement of 
providone ^iislim- l>y lysol liquid in SMI has eliminati'd the detining of the Internal 
coating of the can an«l the discoloration of the bladder. 

4. 3. 4. 2. 2 Functional Kvaluation 

I'he results of the tlme-tem|K*rature test on the package function are shown In the 
following evaluation matrix. Table 1. 
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I'hr rrHultx up l«i :J7*f (‘X|Misurr ari* sat|»fa»-ioi v. I hrrr an* sonu'what hJnh pack- 
aj{<' prrssurfH, hut fhcat* can he hcitcr contr<»IIi<l In an automatic packager or hy 
nitcrint; the mamial pr«>ei*(lure. At I7*(', while the product propertlea were com- 
pletely HatlHfaetorv, th«’ packages :ill leakisi some frc>on causing most of them to 
become inot>eratlve. As long as th«‘re is some liquid freon In the can the package 
operates normally when returned to ambient n>om tem|K*rature, U'hen the leak 
continues long enough the pr<xiuct is no l«)nger ••\pelled in the normal manner. 

This result differs from that of the original pro*lucts formulati-d with freon. De- 
pending on the freon type u.se«l, the ambient temperature pressures varletl from 
35-45 pslg for some prcKlucIs to 65-75 psig for others. At elevatwl temperatures, 
the internal package pressures did not become excessive. In addition the pressure 
in the outer container always exeetxlwi the pressure in the bladder. With the freon 
formulations, storage at 17 *C did not present a prt>blem. 

With the replacement of the frt*ons with the soluble gas (’(),,, pressure problems 
occur If tht‘ quantity of (’()., dissolved at ambient temperature is high enough. In an 
attempt to prmluee the best |K>ssible fcjam, a ne:irly saturated concentration was 
used. Two problems occur. First, the bladder pressure exceeds the freon pressure 
of approximately 70-75 pslg, ami eons«*quently the bladder expamis. In .so doing it 
would contact the plug In the outer container which seals the freon In the can. If the 
plug is distorted leakage may occur. 

I'he second problem occurs in the excessive pressure developed at elevated tempera- 
ture as the C(3., solubility decreases. This can be illustrated by a calculation of the 
pressure ^temperature relationship of CO., dlssolvetl in water. (The solubility/ 
temperature relationship of CO^ In the complex formulations is not known but since 
water Is the major component, this example mnv be a()propriate. ) Figure 3 shows 
the pressure .at 17 *r for varying masses of CO,, dissolved in 135 grams of ambient 
temperature water, with the potential void volume as a parameter. If the container 
volume is only about 135 ce, the void is essentially zero. Put If the container can 
exp.an<l a voIjI e.an form .ami the CO,, will be partitioned between free gas and dls- 
solveti gas. The larger the void the lower the (>ressure. As can be seen, except 
for large voids .and low CO,, concentration, the ('(),, pressure exce«ls the freon 
pressure .at 47 *C. .Such a mechanism may account for the freon leakage In the new 
formulations. It Is not practical to use a gas as a pressurant in the outer container 
since the pressure would be greatly retluced as the product is expanded. 
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■Hu* UHC’ of strtmutT package* materials was not ('onsidereci since they are not stand* 
anl In the Sepro eonlnlner an<l wouhl not lie economically practical. There is some 
< han<’«* that the hatch of cans (‘mployeil mav have h«‘«*n suh-standard or Improperly 
nMMemhli<d. hut this Is not tis> likely. 

There are two ways t«> cope with this pr«»hleni. (»ne is to limit the allowable storage 
temperature of the paekaKc. I’rellinlnary tests indicate that the paekauc will sur- 
vive at least -12'C. ('ommereially, aerosol cans are stored at cool temperatures. 
The temperatures to he eneounterixl on Shuttle itself present no problems. A second 
a|)f)roaeh to the problem is to limit the quantity of (’(),, to the jmlnt where the 
pressures are accept al)le. This would make the foam somewhat more moist and 
approach a cream consistency. 

The recommendetl approach Is to reduce the ro^ pressure somewhat as is reflected 

•• 

In the revised pro<luet specification of 75 pslj;, and also to limit storage tempera- 
tures to about 40 - 42*r. If this temperature Is exceedtHi, the packaKC should be 
checked for operability before use. 
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4.1 FKASIlUI.rrV TKSTS, TASK .1.1 

l■'l•:u4lhilUv U'fltH wi>n' dfHlKnt'd to ov:duatc th«- |K'rfurn);uu'c uf thi> rurmulatlons 
undrr spnci* conditionH as n>Kards limltaltona of water and materi.'ds, and nHdhods 
uf :i|)plication. 

4.4.1 Function;!] Fvalu:ition 

4. 4. 1,1 MicrobioloKic;U Kvaluation 

The efficacy of tht* three formulations in controlling bucturl;U growth on personnel 
;ind equipment was cv:ilu;ited. 

4.4. 1.1.1 Person:U li.VKiene Agent PH2 

The following tests were carried out. Areas of thi* subjects armpits were marked 
out for testing. C)ne side was sampled with moist sterile swabs which were used 
to inoculate nutrient ;igar plates. The side to l>e tri'ated was washed with a small 
amount of PI12 :uid wip«*d cle:m with a sterile moist wash cloth. Sam(des were 
t.aken as liefore. Two siunples of each area were taken for each of two incubiition 
temfieratui'es, 21 *C md 117. 5*C. The plates were incubated for 48 hours after 
which colonies were counted. Thc> results wen* as follows: 

Colony Count 

Im ubation Temp. I'ntrealed Side Treated Side 

21 *C 2. 3 1,0 

37.5*C 6, 12 1, 4 

111 a second test, h.mds were iiiUmtioniilly soiled by anal region conbict. Soil of 
one h.md was eluted with 100 cc sterile w;iter of which 0.5 cc was plated on nutrient 
ag;ir. The h;mds were then washed with PII2, using a damp w;ish cloth for rinsing. 
The other h:md was then eluted with 100 cc sterile w;iter of which 0. 5 cc was plated 
on .'igar. Colonies were counted after 48 hours with the following results. 

Colony Count 

Incubation Temp. Untreated Hand Treated H;md 

2i*C TNTC* (both pl:iU*s) 120,97 

37.5*C TNTC (l)oth plates) 140,120 

•'rNTC * too numerous to count; greater 
th:ui .qiproximaU'ly 300 

The conclusion of these tests is th;it a significant reduction of bacteria occurred. 
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I. >.1.1.2 SvHU'in Matnu*n;uuv A^riU, SMI 

rc»ur l*N‘alionH In ihr building wort* tro.itotl a» IoIIowh. In each location four 
coinfiarahlc areas were marked out. Two areas wc*re sampled bv rolling moist 
sterile cotton swabs across the surface :ind then rolling the swabs over the surface 
of the agiir plates. Two samples were taken for two incubiUion temp<T;aurca. 

Thi- two areas to be treated were washed with a small amount of sterile waU‘r and 
dried with a sterile cbXh, Samples were Liken ;ind plated as before. Plates were 
incubated for -IH hours at 21*C ;ind :i7.5*('. Tiio following colony count resulted. 

Colony Count 


Area 

Incubation Temp. 

entreated 

T reated 

Labcountcr to|), 

21 *C 

>. 0 

4. 2 

Hacteriologv’ 

37. 5*(' 

■i, 7 

0, 0 

Kdge, non Sink 

21*C 

45, 57 

0, 0 


37.5*C 

12, 17 

1, 0 

Toilet Bowl 

21 *C 

2, 3 

0, 0 


37. 5*C 

8, 13 

1, 3 

Doorknob, H;illw'ay 

21 *C 

0, 0 

0, 0 


37. 5* C 

2, 2 

2, 3 


The conclusion is that SMI is effective in controlling b;ict..‘ria. 

To assess if S.Ml exhibiU'd any residual activlte, :ui area of a laboratory bench top 
was cleaned ar.d then sampled 2 hours ;uid 24 hours later with a sterile moist swab. 
A contiguous not cleaned area was similarly sampled. Colonies were counted 
;ifter 48 hours Incubation at 37.5*C with the following results. 

Colony Count 

Time After Cleaning l'ntre;itt*d Treated 

2 hours 18 13 

24 hours 12 8 

24 hours 7 10 

These results are not very conclusive. The agent in the dry state would not lx- 
expected to lx* bacteriocid;il. 

4. 4. 1.1. 3 Life Science Payload, LSP2 

Tests were made of very contaminated environments. Samples were taken of the 
inside of cubitainers of st'wage and IndustrLd waste after the liquid was removed. 
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Aroas wort* soleclud and tro;ited in tho aanu* w;jy :iH lb? prt’Vluutt SMI toHts. 
Tho roHultH woro an lollown. 


Sample Area 

Incubation Temp. 

Colony 

entreated 

Count 
T re.'ited 

Domestle wii'f.. 

21*1' 

( M* 

3, U 


;17.5*C 

(’M 

0, 0 

lnduMiri:d waste 

21 *C 

CM 

0, 0 


:»7.5*c 

CM 

2, 0 


*<'M - ConflucTil inatto ol oulonlon In swabbed 
area: individu.ii eolonles could not be* 
distiiiKuinhod or counted, 

The euneluHiun in that 1,SP2 In v< n elfective in coiurollInK microbial conlainina- 
llon. 

To chock rcsidu.il activity, a laboratoiv counter to|) was cleaned with 1,S1>2. 

After 2 hours this area ;uui a contiipious area woro sampled. After incubation 
the untreated surface sample had 10 colonies .uul tiu treated surface 25 colonies. 
There may b* residuil aclivit>' which is manliest when the* surface is moistened 
with tlie sampling swab. 

1.1. 1.2 Cleaning Ktfectiveness 

There apfiarentiv are no offiend procedures foi cviiluatini; tlu eff<*ctivenoss of 
sanitation akonts. The fullowinK oruaniziaions wen* contacU'd in this attempt: 
Feder:d I)ruj{ Administration, Consumers I'nion, Consumers Research, 

Good Housokcepinj;, Hevlon, and Colgate-Palmolive. Sub)ectlve tests were 
therefore enn)lo>ed to assess each product's effectiveness. 

4.4. 1.2. I PH2 

Based on earlier ev:duations during Spacelab tt sis, the so;g> content of PH2 was 
reduecrl to minimize residual stickiness cxperienct?d Ia' some suhjeets. This go;d 
is essentially aeeompllshcd for all lest subjects whi’n a moist wash cl . is used 
for rinsing. The s;mit;ition agent is easily ;giplled to the skin surface or to a 
wash cloth and spread over the surface. After working-in, removal of the agent 
is o.iey If care is taken licdween toes ;uid fingers or in b(xl> folds. On completion, 
when the surface is dry, the user feels subjectively tTe:m ;md refreshed. The 
;ijifK’ar;incc of the soiled skin surfaces th.U are waslu-d :ire acceptably clean. 
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Tlu* n'commrndcd procfdurv in as follows t 

A|)plv a Mm:iil :unuunt to the h;ind, or prHi'r.ibly to a liimp wash cl<Hh. 

Wipe ImkK surfaces as rn't'difl. I.c. , fact't h;inds, crotch or whoh* ImmIv. 
Itcmovc with several damp wash chAhs, Is'init sure to cle.uise well in 
Imm 1\ folds. 

if :idu(|uate waiter is present, hands nia> Is* rinsed under flowing; water 
stream. 

•1.4. 1.3. 2 S.Ml 

Surfaces represi'ntative of spacecraft systems, includini; plastic, mot;il, :uid 
painted surf.'ices were cle:uied with SMI. These surfaces are aceupbibly cli-.m 
in appear:uice with the use of a minimum of water. Care must be t;iken not to 
:ippl> excessive :iKcnt. The ;ixent is easily ;ipplied to the surface :ind removed, 
itlthouuh extra care is required In crt^vices. In these cast's, bre:ikiiit{ down the 
foam in the applicator tx'fore spreadinK Is effet tive. W hen dr\', the surface 
feels cle.ui :md is not sticky. The recommended procedure is as follows: 

I'se on all habitability surfaces for generid cle.'uisinK ;U)d disinfection. 

Apply a sm;ill iimounl of the cle:uislnK :inent to the surface, spread with a 
moist or dr>’ wipe, remove thurouithiy with a dry wipe, covering the entire 
surface :uid :dl crevices. 

4.4. 1.2.3 LSP2 

The physical properties of I.SP2 are ossenti;illy the s:ime as SMI. The 

surface :i})pearanee is acceptable after cle.uiing soil. The recommended procedure 

is as follows: 

A strong cle;uise :uid biocid:il agent for use on surfaces contaminated with 
body fluids ;ind solids. 

Apply a sm:ill amount of the cle:uising :q{<'nt to the surface, spread with a 
moist or dr>' wipe, remove thoroughly with a dry wipe, covering the 
entire surface ;md :ill crevices. 

4.4.2 Residual Ruildu)) 

No problems of residu;il buildup were identified in either the use of the person::! 
hygiene agent on the skin or in the use of .SMI or LSP2 on typical surf:ices. In 
proper application, small qu:intities of agent arc rei|uired :md when rinsed or 
wiped cle:m, only a small residu:il reuuiins. Repeated clc:uiing does not noticeably 
affect this residu.'il :is determined b\- ;q>pear.anec or feel. 
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i.n zki«m; kvai.i'Ation or rnr.ssruK packackd sanitation ac.knts, 
l ASK :i. r. 


Zt*ro-(; ovalitilion lohl« wt>ri* fomhi<-ti’«l In NovrnilMT I97i» to vrrify that thr Nanita- 
tlon UKcnt and Uh (iiit|H*nHiT would p<>rfomt am roquirvd at null ta*<>vlt>'. 'rhcac teaU 
were carried out an a "plKK> proKram dtirUiK arheduled KC>13S fllKtita. 

I.S. 1 Teat ProKram. 

The niKht teat plan waa aubmitted aa Dorumeni No. HD177N3001. The U*at aanitatlon 
uKenta constated of 15 packages each of Pill, PM2, HMl, SM2, iuid LSP2. For oach 
aRent there were variationa of valve, no/zlr and fill prt*aKure. Thi* valve size, 
which affects deliver^' raU*, were either 0.018 or 0.020 inches. The nozzle t> pea 
were aa shown In FlRure 2 (section 4.3. 1.3). I'hcse products, except for PII2, 
wore formulated with freon ntther than CO.,, ihe results however are felt to Ik? 
applicable to either foam. 

Uecause of the relative bi*evlt> (20-30 seconds) of the attainable zero-R interval, 
U'stinR waa conflne<i to shoii term as|H?i-ts. Sanitation auent buildup, pt‘rsonnel 
and material interactions with the aRent, and other lonRvr term aa)K*cts wen* deter- 
mined in RTOund testlnR. The fllRht teat inveatiRated the followinR panimeters. 

1.5. 1. 1 nis|x'nsinR, The fliRht test inveatiRated the ability of tlie pressure packaRed 
sanitiition aRents to be dis|)ensed to fH?rsonnel, equipment, or an application aRen* in 
a c'ontrollcKl manner. Of concern was the ability to deliver tlie rt*quired quantity of 
the aRont to the surface without losses to the cabin, ami without a slRnlficant residue 
at the packoRe aperature. 

1.5. 1.2 Application. The application of the saniUition aRcnt over the surfaces to lx? 
cleaned was sttidied. Ilunain test subjects included a variety of sk'n t>-pes repre- 
sented by sLn male and one female. Equipment surfaces included flat sheets of 
plastic and aluminum, panels with rivets, heads, cutouts and corners, and screens. 
The tests were desiRned to verify that the agents at zero-R could be readily applied 
and tluat it could be sprt^ad t*) make projxr surface conUict for effective cleuninR. 

1.5. 1.3 Removal. Ease of removal of the s:initation agent from the various sur- 
faces was investigated. Complete removal is not necessarily required or desirable. 
Continuing biostatic action by residual agent is useful, for example, in life science 
payloads. 
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Figun? 2. Nozzle Configurations 
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l. -i. I. I Klllnirx, rh)' rrri(‘t(*nt‘V of noU roni* val w:ih Huhjoi'tlvrly ovuliuiU’d. In 
ii(Mltlon various nw'th<Nls of app!ii‘atlon ami rvrnoval aa well aa prutlu<-t Mcceptahllity 
of iho |M‘raonal h>Klene a^ont waa evnluateri. Mieroblal aamplea of aurfneca were 
not collec'U'd but wore «lefern*ci to (truuml teatl)iK< 

l.-'i. 2 Teat Rcaulta. 

The ?ero-K teat proitram w'aa aeeompllaheil liurtnK Uiree fllKhta. The numla'r of 
ua<’ful (taraliolaa waa suffU-ietit to achieve the t«'8t objeetlvea. Ft>fure 3 ahowa part 
of the teat set-up wiUi teat aubjeeta reatruined tn the three front aeata while obaer\’- 
era aaaiat ami record reaulta. 

i.5. 2. 1 [Jli.|M‘nal'tK, f)iap(.>nainK aaniUitton u^'enta at /.ero-K proved to lx> atrai^ht- 
torwanl and aiinply controlled. VMth moat packaRea the pnaluct exitc<l the nozzle 
In a ainooth stream with no loaa to the cablr. environment. In one or two packuKcs, 
free Raa in the package eauaiKl some aplatP.'rim; of the foam at the nozzle. The 
splatter waa contained w’ithin a amall cone and impacted and adhered to the surface 
at which it waa directe<l without loss to th«' cabin. 

When a stationary package waa directed onto a surface, a ball of foam was formed 
ami n*mained on the surface. If the packuKc is moved alonR a surface, a line of foam 
is formeil. When directe<l into space, a strulRht strinR of foam was formed which, 
after truvellinR several feet, broke up into a series of small loam balls. 

With the valve fully o|X‘n, the delivery rat«* of tin* produi t was about 8.5 Rrums in 
3 acernds for the 0.020 inch valve and 0.5 Rnuns in 3 seconds for the 0.018 inch 
valve. From the user's |x)int of view tli*ro is ih> sitmifieant difference between 
these. It is slow enough for ade«|uate volume control jukI fast enouRh for convenience. 
In practice, the user modulates the valve opening controlling the rate and delivered 
volume throuRh visual feedback. 

When the valve was closed, foaming action contmuc‘d so that even after wiping the 
nozzle orifice clean after valve actuation, the residual volume of prcxiuct from the 
valve to the orifice continued to expand and over-iam. For freon-based products the 
expansion continued for 3—1 seconds. With ('()., products, expansion is compU'te 
within one second. Foam is extruded up to alx)ut 3/8 Inches in length for the wide 
mouth nozzle and about 1 l(i inch for the smallest nozzle. 
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•1.5. 2. 3 Application. Application of the foam over the Hurface to bt* cleam*H was 
Konerally easily accoTnpllshe<l. 'flu* foam was spread fairly uniformly without break- 
away. Various application tcchnUiucs InvestlKnted. 

a) Personal IlyKit'nc Atfents. The uRent was applied directly to the hands, or 
to a wet or dr\' wipe or cloth ;ind then spn.'a(i over tlie requirtul areas. 
Fiijures 1 and 5 show teat subjects a|>plyinK the [x*rsonal hygiene agent. 
Portions of the body cleaned Included hands, face and neck, chest, arm- 
pits, legs and feet. With the exception (xrhaps of the hands most subjects 
preferred to apply the agent with a wet terry cloth. This probably most 
nearly resembles a ground procedure. No difficulty was exfxrlcnccd by 
hairy subjects in spreading and working the agent. Vigorous washing did 
not cause loss of the agent to the cabin environment. Only by a sharp 
clapping of hatKis on the foam was th<< foam broken away. 

b) System Maintenance and Life Science Payload Agents. Application was 
accomplished by either applying the agent to the surface in a line or by 
first applying the agent to a wipe. The agent could be spread easily with- 
out breakaway. Rivets or beads gave no problems. Foam did tend to 
creep into folds and collect in inside corn«?rs. Results were uniformly 
good for painted surfaces, plastic or aluminum panels. Some difficulty 
was encountered with screening such as might U* used in animal cages. 
When the agent was applied directly to the screen, the wipe pushed the 
foam through the screen and it adhered to the reverse side. It the agent 
was applied first to a wet wipe, the result was better but some foam was 
pushed through the screen. Best results were obtained by working the 
foan> into a wet wipe to break down the foam somewhat and then wiping the 
screen. 

!..*>. 2. 3 Removal. Sanitation agent removal was accomplished with w’el and dry 
\vij)es, and also with wet wipes followed by di^- vvi|H‘s. There was no possibility' of 
sanitation agent loss to the environment since the agent was spn?ad to a thin layer 
or the foam was broken dowai. If two parabolas were required for application and 
removal the agent was often dr\ before removal was attemptefi. 

With personal hygiene agents tlie test subjects were most satisfied with a wet wipe 
removal followed by a dry wipe. Cloth was preferred over paper wipes. Use of a 
diT wl|x* only sometimes resulted in a feeling of stickiness by residual agent on tlie 
skin. This feeling was most pronounced while the skin was still moist and when 
completely dn was not alw’ays objectionable. With a wet wipe, the agent w'»- readily 
removed from most boiiy areas including hairy areas. Some difficulty was experi- 
enced in complete removal Ixtween toes. When dry this too was no problem. The 
quantity of water in the wipes is small compared to the quantities likely to be allotted 
on Shuttle. For hand washing on Shuttle a stream or spray of water would ix* avall- 
ai)le. For IxHiy w'ashes wipes or sponges could ix* rinsed adecjuately to insure 
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Figure 5. Seated S'ubjects Applying Personal Hygiene Agent. 
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Figure 6. Standing Subject Applying Personal Hygiene Agent. 
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:uie<|uatr r»*muval. \Vlu*n thr |M*rHoiuil h.vKU’ni- a^ent wan aatiafnctoril)' removf«|, 
thort' was no objcctionnl UihU' to tho finKera although Home nmall rusklual agent may 
have been preHent. 

All the agentR were Hatlsfuetorlly removed fnun equipment aurfaces either by dry or 
wet \vl(K'S, The wet wi |)08 leave less residual agent on the surface an<l proiiably is 
mon; effeetive in removing soil. There was no stiekiness to the dried surfaces. 

1.5. 2. I Efficacy. Uhen projK'rly applied and removed all agents were effeetive in 
removing soil. The subjective assessment of the ix*rsonal hygiene agent was that It 
produced a feeling of cleanliness. The reaction was most positive when the subject 
was sweaty- or soiled at the bi'ginning of the flight than later on after repeated wash- 
ings. In some subjects the o<lor of the non -functional |x*rfume in the |x'rsonal hy- 
giene agent was objeetional during the first day's flight when there was some flight 
sickness at /ero-g. 'Ehls scent Is perhaps lx*tter left off in futun* formulations. 

The general appraisal was that the agents jK*rfermed their functions well and could 
be safely :umI easily applied and removed at zero-gravity. 
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r».() coNci.rsioNs 

I'hiM ti'Ht program hna ahoun that sanitation a^(t nta can be formulnti>ti ami runveni- 
••nlly (llspenHeil as a f»mm from paeka^ea operable under spacecraft comlitions. 
l'hr«*c prcMiuct types have been «ieveIope<i for |h raonal h.vKicnc, nt’ncral system 
maintenance, amt for use with life sciem’c payloatis. Application ami cleansinK 
with these agents is casv ami requires a minimum of water to use ami for rlnslnK. 
They are effective In cle:ininK and demonstrate bacteriocidal properties. Because 
of hljjh pressures developed at elevatt*<i temperatures It may be necessary to limit 
storage temperatures. There would be no problem in the spacecraft environment. 
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